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ABSTRACT
Context: Attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental
disorder with wide repercussions. Since it is etiologically related to delayed maturation,
neurocognition and neurological soft signs (NSS) could be a tool to assess this. Further the
correlation of NSS and neurocognition with severity of ADHD and presence of Specific
Learning Disability (SLD) would give further insight into it.
Aims: To study neurological soft signs and neurocognition in children with ADHD and to
correlate NSS and neurocognition with severity of ADHD and with co morbid Specific Learning
Disability.
Settings and Design: The study was carried out in Institute of child health, Department of Child
Psychiatry, Madras Medical College. It was a cross-sectional single interview study.
Materials and Methods: 40 consecutive children diagnosed as having ADHD in each group were
assessed for the presence of neurological soft signs using Revised Physical and Neurological
Examination soft Signs scale (PANESS) and neurocognition using Trail Making Test, Stroop
Test, Verbal Fluency, Verbal N Back Test and Continuous Performance Test. The ADHD was
assesses by SNAP IV scale.
Statistical Analysis: The data was analyzed using the t-test, chi-squared test and Pearson’s co-
relational analysis.
Results and Conclusions: Neurological soft signs were more in ADHD with SLD, especially
timed movements. As the severity of ADHD increased, neurological soft signs increased in
numbers. ADHD with SLD performed poorly in attention, speed of processing and working
memory and the performance worsened with increasing ADHD severity, especially inattention
severity.
Key words: Attention deficit hyperactivity disorder, neurological soft signs, specific learning
disability














































AIM
AIM
To study the neurocognition, neurological soft signs in children
with ADHD and the correlation of neurocognition, neurological soft signs
to type and severity of ADHD and with the co-morbidity of specific
learning disability.
OBJECTIVES
OBJECTIVES
1. To assess the neurocognition and neurological soft signs in ADHD
children with and without SLD.
2. To find the correlation between neurocognition and severity of
ADHD with and without SLD
3. To find the correlation between neurological soft signs and severity
of ADHD with and without SLD
NULL HYPOTHESIS
1. There is no difference between the neurocognition and neurological
soft signs in ADHD children with and without SLD.
2. There is no the correlation between neurocognition and type,
severity of ADHD with and without SLD
3. There is no the correlation between neurological soft signs and
type, severity of ADHD with and without SLD
METHODOLOGY
METHODOLOGY
Sample Selection
The study is a cross sectional observational study to be conducted
in Department of Child Psychiatry, Institute of child health, Chennai.
Ethical committee approval was obtained from Madras Medical College
ethics committee. 40 consecutive children with diagnosis of ADHD with
SLD and 40 consecutive children without SLD attending Child
Psychiatry outpatient department are taken up for further evaluation.
Diagnosis of ADHD and SLD is made according to MINI KID. All the
children, taken up for study are examined after obtaining due consent
from parent and assent from children.
METHODOLOGY
Inclusion criteria
1. Age 6-12 yrs.
2. IQ > 70 percentile
Exclusion Criteria
1. Diagnosis of Mental Retardation, Seizure Disorder and other
psychiatric or physical illness with obvious neuropathology.
2. Not consenting for study
METHODOLOGY
Materials:
1. Semi Structured Proforma for socio demographic profile and risk
factors
2. MINI KID
3. Ravens Coloured Progressive Matrices
4. ADHD SNAP IV
5. NIMHANS LD battery
6. PANESS (Physical & Neurological Evaluation for Soft Signs)
7. Neuropsychological Assessment
 Executive Function – Stroop Test, MT A & B
 Attention: category fluency, continuous performance test
 Working Memory – Verbal N Back Test
MINI KID
The Mini-International Neuropsychiatric Interview (M.I.N.1.) is a short
structured diagnostic interview developed jointly by psychiatrists and
clinicians in the United States and Europe. for DSM-IV and ICD-IO
psychiatric disorders. With an administration time of approximately 15
minutes it was designed to meet the need for a short but accurate
structured psychiatric interview for multicenter clinical trials and
epidemiology studies and to be used as a first step in outcome tracking in
nonrescarch clinical settings. The MINI-KID generates reliable and valid
psychiatric diagnoses for children and adolescents and does so in a third
of the time as the K-SADS-PL.
SNAP IV
The SNAP-IV Rating Scale is a revision of the Swanson, Nolan and
Pelham (SNAP) Questionnaire (Swanson et al, 1983).  The items from
the DSM-IV (1994) criteria for Attention-Deficit/Hyperactivity Disorder
(ADHD) are included for the two subsets of symptoms: inattention (items
#1-#9) and hyperactivity/ impulsivity (items #11-#19).  Also, items are
included from the DSM-IV criteria for Oppositional Defiant Disorder
(items #21-#28) since it often is present in children with ADHD.  Items
have been added to summarize the Inattention domain (#10) and the
Hyperactivity/Impulsivity domain (#20) of ADHD.  Two other items
were added: an item from DSM-III-R (#29) that was not included in the
DSM-IV list for ODD, and an item to summarize the ODD domain (#30).
The SNAP-IV is based on a 0 to 3 rating scale: Not at All = 0, Just A
Little = 1, Quite A Bit = 2 and Very Much = 3.  Subscale scores on the
SNAP-IV are calculated by summing the scores on the items in the subset
and dividing by the number of items in the subset.  The score for any
subset is expressed as the Average Rating-Per-Item.
PANESS
PANESS is a Revised Physical and Neurological Examination for soft
Signs scale by Martha Denckla. It is used for physical and neurological
soft signs. It can be used for children and adolescents. It is an
observational scale having 21 questions covering gait, stance, laterality,
quality of rapid movements, impersistence score, involuntary movement
score, repetitive speed of movement score, and sequenced speed of
movement score, asymmetrical movement score. It assesses in terms of
laterality, timed and untimed motor movements. It has been found to have
adequate test retest reliability, inter-rater reliability, and internal
consistency. The PANESS is particularly useful for assessment of motor
speed in children because it is brief, minimizes the need for equipment,
provides lateralized data, and is applicable to children as young as 5
years.
STATISTICAL
ANALYSIS
STATISTICAL ANALYSIS
1. Comparison of sociodemographic details by chi-square test and t-
test.
2. Comparison of risk factors by chi-square and t-test, if appropriate.
3. Comparison of ADHD severity by t-test
4. Comparison of neurological soft signs using t-test
5. Comparison of neuropsychological functioning by t-test
6. Correlation between ADHD severity and neuropsychological
performance by Pearson correlation
7. Correlation between ADHD severity and neurological soft signs by
Pearson correlation
8. Comparison of two correlation factor by fisher r to z transformation
All statistical analysis was done using SPSS version 20 statistical
software. Level of significance was kept at p<0.05 and highly significant
if p<0.01
RESULTS
RESULTS
The present study compares the risk factors, soft neurological signs and
neuropsychological functioning among two groups of ADHD children.
One group is with comorbid SLD and other group is without SLD.
SOCIODEMOGRAPHIC DETAILS
Table 1
ADHD without SLD ADHD with SLD p-value
n Mean SD n Mean SD
Child Age 40 8.5 1.76 40 8.65 1.45 0.678
IQ 40 85.25 5.18 40 83.25 6.74 0.141
Father Age 40 34.5 3.21 40 35.7 4.56 0.196
Mother Age 40 30.6 2.76 40 31.45 1.92 0.114
Table 1 shows sociodemographic profile of the study group.
The mean age of the groups are around 8 years and their mean IQ is
above 80 as per the study inclusion criteria. There is no significant
difference between the groups in age and IQ of the children. There is no
significant difference between the mean ages of their parents.
Table 2
ADHD without
SLD
ADHD with
SLD
Chi Square
test
n % n %
Sex
Male 28 70 25 62.5
0.478
Female 12 30 15 37.5
Socioecono
mic Status
Low 13 32.5 16 40
0.485
Middle 27 67.5 24 60
Religion
Hindu 36 90 38 95
0.36Christian 2 5 1 2.5
Muslim 2 5 1 2.5
Mother
Tongue
Tamil 37 92.5 38 95
0.644Telugu 2 5 2 5
Urdu 1 2.5 0 0
Table 2 shows the sociodemographic profile of the two groups.
Though the males outnumber the females, there is no significant
difference between the groups. The upper middle and lower middle
socioeconomic status of the children are grouped together as middle
socioeconomic status. The upper lower and lower socioeconomic status
of the children are grouped together as low socioeconomic status. There
is no significant difference between the groups in socio economic status,
religion and mother tongue.
Table 3
ADHD without SLD ADHD with SLD
n Median n Median
Birth Order 40 2 40 2
Child Education Level 40 3 40 3
Table 3 shows the basic profile of the children in terms of birth order
and child education level.
The median birth order of both the groups belongs to 2nd birth order. The
median child education level in terms class or standard in school of both
the groups belongs to 3rd standard. All of them are studying in normal
school.
Medication status
All the children included in the study are either drug naïve or under
treatment. If under treatment, they are all on tablet atomoxetine 10mg or
less per day. On the day of interview and assessment, they are asked to
skip the drug. This is done to reduce the effect of drug on assessment.
Table 4
SLD
ADHD WITH SLD
n %
Reading 22 55
Writing 3 7.5
Arithmetic 4 10
Mixed 11 27.5
Table 4 shows the specific learning disability profile the ADHD with
SLD group.
Specific learning disability was identified by NIMHANS learning
disability battery and the predominant deficit was categorized as above.
Nearly 55 percent of the group comprised of reading disorder. 27.5
percent of children were suffering from mixed or nos type. 7.5 percent of
the children were suffering from writing type and 10 percent were
suffering from arithmetic type.
Table 5
Risk Factors
ADHD without
SLD
ADHD with
SLD
Chi Square
Test
n % n %
Genetic
Family H/O SLD 2 5 3 7.5 0.644
Family H/O
ADHD
1 2.5 4 10 0.166
Prenatal
Maternal Smoking 0 0 0 0 NA
Maternal Alcohol 0 0 0 0 NA
Maternal cocaine 0 0 0 0 NA
Perinatal
Nature of Delivery
Normal 32 80 28 70
0.301
LSCS/OTHER 8 20 12 30
Preterm Delivery 10 25 11 27.5 0.799
Low birth weight 3 7.5 4 10 0.692
Post Natal
Developmental
delay
3 7.5 4 10 0.692
Table 5 shows the risk factors for ADHD and SLD.
There is no significant difference between the groups.
Table 6
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
MEAN SD MEAN SD
Inattention 2.11 0.42 2.56 0.47 0.0001
Hyperactivity/imp
ulsivity
2.67 0.31 2.78 0.35 0.1408
Table 6 shows the mean SNAP IV ADHD severity rating scale score.
The mean ADHD inattention score for ADHD with SLD is slightly
higher than the ADHD without SLD group and the difference of mean is
found to significant.
The mean ADHD Hyperactivity/Impulsivity score for ADHD with SLD
group is higher than the ADHD without SLD group. But the difference of
mean between the groups is not found to be significant.
ADHD with comorbid SLD is found to be significantly more inattentive
than pure ADHD alone.
Table 7
Stroop Test
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
MEAN SD MEAN SD
Reading 174.35 26.15 276.45 77.65 0.001
Naming color 422.25 84.55 545.65 98.55 0.001
Stroop Effect
Score
247.9 58.4 269.2 20.9 0.001
Table 7 shows the neuropsychological performance of the two groups in
Stroop Test.
The mean duration taken for reading the words and naming the color of
the word in stroop card is greater in ADHD with SLD group. The
difference between the two groups is found to be significant.
Stroop effect score, the difference of duration in reading and naming is
higher in ADHD with SLD group. The difference of mean between
groups is also found to be significant.
Table 8
Trail Making
Test
ADHD WITHOUT
SLD
ADHD WITH
SLD
p-
Value
MEAN SD MEAN SD
PART A 63.02 4.85 68.12 9.54 0.003
PART B 92.35 7.43 163.65 23.12 0.001
Table 8 shows the neuropsychological performance of the two groups in
Trail making Test
The mean duration for Part A of Trail Making test in ADHD with SLD
group is higher than the ADHD without SLD group. The difference
between the mean is also found to be significant.
The mean duration for Part B of Trail Making test in ADHD with SLD
group is higher than the ADHD without SLD group. The difference
between the mean is also found to be significant.
Table 9
Category
fluency
ADHD WITHOUT
SLD
ADHD WITH
SLD
p-
Value
MEAN SD MEAN SD
Animal naming 10.05 1.89 9.45 2.05 0.177
Table 9 shows the neuropsychological performance of the two groups in
category fluency test.
Animal naming is used for category fluency. The mean number of words
said by ADHD without SLD is higher than the ADHD with SLD. But
there is no statistical difference between the groups.
Table 10
N-back test
ADHD WITHOUT SLD ADHD WITH SLD
p-Value
MEAN SD MEAN SD
1-back hits 8.12 2.2 7.25 1.98 0.067
1-back errors 1.08 0.24 2.08 0.42 0.001
2-back hits 4.18 1.25 3.08 1.42 0.001
2-back errors 5.18 1.89 6.33 2.34 0.018
Table 10 shows the neuropsychological performance of the two groups
in Verbal N-Back test.
In both 1 Back and 2 Back verbal testing, the mean scores are greater for
ADHD without SLD group. The difference of mean is found to be
significant in all except 1-Back hits. In both tests, children committed
commission errors only. There were no omission errors. Omission errors
were more for ADHD with SLD group and it is found to be significant.
Table 11
CPT
ADHD WITHOUT SLD ADHD WITH SLD
p-Value
MEAN SD MEAN SD
Time taken 426.13 30.76 440.13 50.22 0.137
Errors 30.3 5.34 52.35 9.45 0.001
Table 11 shows the neuropsychological performance of the two groups
in Continuous Performance test.
Though the mean time taken for the test is slightly higher in ADHD with
SLD group, there is no significant difference between the groups.
The mean number of errors is slightly greater in ADHD with SLD group
and the difference is found to be significant. The errors committed by
children in both the groups are of omission type only.
Table 12
Untimed
movements
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
Gait & stations MEAN SD MEAN SD
Right axial 1.08 0.41 1.15 0.32 0.397
Left axial 1.03 0.32 1.18 0.41 0.072
Total axial 2.11 0.39 2.33 0.38 0.187
Table 12 shows the untimed movements in gaits and station scores of
soft neurological signs in PANESS scale.
There is slight higher preponderance of soft neurological signs in ADHD
with SLD group. But the difference is not found to be statistically
significant.
Table 13
Untimed
movements
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
Overflow gaits MEAN SD MEAN SD
Right overflow 1.13 0.52 1.15 0.41 0.849
Left overflow 1.05 0.22 1.23 0.56 0.622
Total overflow 2.18 0.35 2.38 0.46 0.306
Table 13 shows the scores of soft neurological signs in PANESS scale
This table shows the untimed overflow gait scores in heel, toes and sides.
The mean scores for both sides are greater in ADHD with SLD. The
difference of mean between the groups is not statistically significant.
Table 14
Untimed
movements
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
ValueMisc. &
involuntary
MEAN SD MEAN SD
Right 0 0 0 0 0
Left 0 0 0.08 0.27 0.607
Total 0 0 0.08 0.27 0.607
Table 14 shows the untimed miscellaneous and involuntary movement
scores of soft neurological signs in PANESS scale.
There is no significant difference between the groups.
Table 15
Untimed
movements
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
MEAN SD MEAN SD
Total gait and
stations
4.29 0.36 4.79 0.41 0.214
Table 15 shows the total gait and stations in untimed movements.
Though the mean scores of soft neurological signs in untimed category is
greater in ADHD with SLD group, there is no statistically significant
difference between the groups.
Table 16
Timed
movements
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
Overflow MEAN SD MEAN SD
Right 0.13 0.33 2.08 0.26 0.001
Left 1.06 0.73 2.18 0.42 0.001
Total 1.19 0.50 4.26 0.32 0.001
Table 16 shows the timed overflow movements in PANESS scale.
The mean score for ADHD with SLD is greater than the ADHD without
SLD and the difference between the groups is statistically significant.
Table 17
Timed
movements
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
Dysrhythmia MEAN SD MEAN SD
Right 1.05 0.32 2.13 0.42 0.002
Left 2.1 0.52 3.18 0.86 0.001
Total 3.15 0.4 5.31 0.64 0.001
Table 17 shows the timed dysrhythmia scores in PANESS scale.
The mean score for ADHD with SLD is greater than the ADHD without
SLD and the difference between the groups is statistically significant.
Table 18
Timed
movements
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
Misc. MEAN SD MEAN SD
Right 0 0 0 0 -
Left 0 0 0.15 0.43 0.164
Total 0 0 0.15 0.43 0.164
Table 18 shows the timed miscellaneous scores in PANESS scale.
The mean score for ADHD with SLD is greater than the ADHD without
SLD but the difference between the groups is not statistically significant.
Table 19
Timed
movements
ADHD WITHOUT
SLD
ADHD WITH
SLD p-
Value
SFA scores MEAN SD MEAN SD
Right 1.15 0.21 1.3 0.32 0.015
Left 3.1 0.32 3.98 0.22 0.001
Total 4.25 0.25 5.28 0.26 0.001
Table 19 shows the timed SFS scores in PANESS scale.
The mean score for ADHD with SLD is greater than the ADHD without
SLD and the difference between the groups is statistically significant.
Table 20
PANESS
ADHD WITHOUT SLD ADHD WITH SLD
p-Value
MEAN SD MEAN SD
Total gaits &
stations
4.29 0.44 4.79 0.65 0.001
Total right
overflow
1.26 0.40 3.31 0.32 0.001
Total left
overflow
2.11 0.45 3.41 0.49 0.001
Total overflow 3.37 0.41 6.72 0.39 0.001
Total timed 8.59 0.39 15.00 0.55 0.001
Total PANESS 12.88 0.43 19.79 0.63 0.001
Table 20 shows the final scores of PANESS scale.
The mean score for ADHD with SLD is greater than the ADHD without
SLD and the difference between the groups is statistically significant.
Table 21
INATTENTION
r to z
transform
ationTest Measure
ADHD
WITHOUT
SLD
ADHD WITH
SLD
r r p value
Stroop test
Effect
score
0.34 0.45 0.576
TMT
Part a 0.41 0.44 0.875
Part b 0.48 0.62 0.384
Category
fluency
Animal
naming
-0.2 -0.21 0.968
N back test
1-hits -0.07 -0.11 0.865
1-error 0.32 0.44 0.549
2-hits -0.12 -0.17 0.826
2-errors 0.33 0.42 0.653
CPT
Time 0.22 0.21 0.96
Errors 0.52 0.67 0.316
Table 21 shows the correlation between the inattention severity in both
the groups and their neuropsychological performance.
There is a positive correlation between inattention scores and stroop test,
TMT, CPT and N-Back test error scores. There is a negative correlation
between the inattention scores and category fluency and N-Back test hit
scores.
The scores imply that severe the inattention component, poorer the
performance in neuropsychological testing.
The trend is similar in both the groups with slightly greater coefficient
ratio in ADHD with SLD group. But the difference in correlation
coefficient is not statistically significant.
The correlation coefficient value in each group is also not high enough to
mention for clinical significance, except for TMT and Stroop effect score.
Table 22
HYPERACTIVITY/IMPULSIVI
TY r to z
transfor
mationTEST
MEASUR
E
ADHD
WITHOUT
SLD
ADHD WITH
SLD
r r p value
Stroop test
Effect
score
0.22 0.27 0.818
TMT
Part A 0.37 0.32 0.811
Part B 0.36 0.35 0.961
Category
fluency
Animal
naming
-0.08 -0.16 0.726
N back test
1-hits -0.11 -0.12 0.968
1-error 0.27 0.37 0.631
2-hits -0.09 -0.14 0.826
2-errors 0.27 0.41 0.497
CPT
Time 0.2 0.22 0.928
Errors 0.47 0.51 0.818
Table 22 shows the correlation between the hyperactivity/impulsivity
(HY/IMP) severity in both the groups and their neuropsychological
performance.
There is a positive correlation between hyperactivity/impulsivity scores
and stroop test, TMT, CPT and N-Back test error scores. There is a
negative correlation between the inattention scores and category fluency
and N-Back test hit scores.
The scores imply that severe the hyperactivity/impulsivity component,
poorer the performance in neuropsychological testing.
The trend is similar in both the groups with slightly greater coefficient
ratio in ADHD with SLD group. But the difference in correlation
coefficient is not statistically significant.
The correlation coefficient value in each group is also not high enough to
mention for clinical significance, except for TMT and CPT error score.
Table 23
PANESS
INATTENTION
p
value
ADHD WITHOUT
SLD
ADHD WITH
SLD
r r
Total gaits &
stations
0.42 0.38 0.898
Total right
overflow
0.34 0.35 0.967
Total left overflow 0.42 0.38 0.823
Total overflow 0.36 0.35 0.985
Total timed 0.54 0.46 0.765
Total PANESS 0.36 0.32 0.824
Table 23 shows the correlation between inattention scores and PANESS
scores.
There is a positive correlation between the inattention severity and
PANESS scores. But there is no statistical significant difference between
the groups.
Table 24
PANESS
HYPERACTIVITY/IMPULSIVITY
p
value
ADHD WITHOUT
SLD
ADHD WITH
SLD
r r
Total gaits &
stations
0.38 0.35 0.798
Total right
overflow
0.36 0.40 0.767
Total left overflow 0.42 0.39 0.812
Total overflow 0.40 0.39 0.985
Total timed 0.52 0.49 0.765
Total PANESS 0.34 0.36 0.824
Table 24 shows the correlation between inattention scores and PANESS
scores.
There is a positive correlation between the hyperactivity/impulsivity
severity and PANESS scores. But there is no statistical significant
difference between the groups.
DISCUSSION
DISCUSSION
STUDY DESIGN
The study was a cross sectional observational study and the
evaluation was done after giving an appointment of their convenient time.
It helped in keeping all the subjects included in the study for detailed
assessment. Children cooperated well for assessment in single session.
SOCIODEMOGRAPHIC DETAILS
The sociodemographic details of the study group show no
significant difference between the groups. The mean age of children is
around 8 years and most of them were studying in 3rd standard in both the
groups. This shows the common age group and standard where ADHD is
being identified or being treated. The IQ of all children in the study is
around 84. This is in accordance with inclusion criteria, where child with
IQ<70 is not included. Though boys are more than the girls in both
groups, the groups are comparable. The prevalence of ADHD in boys is
greater than females and accordingly the boys are more in our study(81).
The family`s socioeconomic status and religion had no difference
between the groups. Mother tongue also showed no difference. Only one
child`s mother tongue was Urdu and she was comfortable in Tamil and
English.
SPECIFIC LEARNING DISABILITY
ADHD children with specific learning disability were analyzed
using NIMHANS learning disability battery and grouped based on their
major disability.
Majority of the children belonged to reading disorder. Followed by
mixed or learning disorder nos type, arithmetic and written expression.
The prevalence is similar to other studies in ADHD with comorbid
SLD(51).
RISK FACTORS
There are numerous factors proposed as risk or causative factor for
ADHD and SLD. We have taken few risk factors for analysis in this
study. Most of the data are historical and few have recorded evidence.
The factors have been grouped as genetic and environmental factors
(Prenatal, Perinatal and Postnatal). Prematurity and Low birth weight are
associated with ADHD and SLD in numerous studies(22,82).
In our study, though few cases have risk factors for ADHD and
SLD, the difference between the groups is not significant. Some of the
factors seem to be irrelevant in Indian population. No cases are found to
have history of smoking and alcohol abuse in mother. Similarly lead
exposure and diet theory of ADHD cannot be evaluated.
Family history of ADHD or SLD is found to be positive in 10 out
of 80 children in total. All the positive family history children had ADHD
or SLD in either father or mother. History is inconclusive for other
relatives of proband. So they were neglected.
ADHD SEVERITY
The results are similar to previous studies(12,83,84). There is
statistically significant difference between the groups in inattention
category. Inattention score for ADHD with SLD is greater than the
ADHD without SLD. SLD without ADHD are found to have inattention,
though not up to the level of classifying it as ADHD. So ADHD with
SLD are found to have more inattention. The hyperactivity scores show
no difference between the groups.
NEUROPSYCHOLOGICAL PERFORMANCE
STROOP TEST
Stroop test measures attention and set shifting process. The
inattention scores for ADHD with SLD are significantly greater than
ADHD without SLD. Hence in stroop test, ADHD with SLD children
performed poorly and there is significant difference between the groups.
Stroop Test has been extensively studied in ADHD alone and along with
SLD. It was found that ADHD with SLD performed poorly than ADHD
alone(41,81,85). Our study confirms the previously stated findings.
TRAIL MAKING TEST
Trail Making Test part A measures the attention span, speed of
processing, motor control. Part B measures the set shifting ability along
with the above functions. Few studies have measured executive function
by subtracting Part b score from Part A.
Here there is no difference between groups in Part A of TMT. But
there is a significant difference between the groups in Part B. Part B
requires frequent shift in norm and attention. The results are similar to
previous studies(86).
CATEGORY FLUENCY
Category fluency measures the verbal fluency. Here animal naming
category is used to assess the verbal fluency. Children with ADHD had a
leeway in applying relevant lexical or executive strategies related to
difficulties in strategy using. The reduced efficiency of children with
ADHD in semantic fluency task is based on suboptimal shifting between
word clusters and is related to the lack of ability of producing new
clusters of items(65,71,87). But in our study, no difference was found
between the groups.
VERBAL N BACK TEST
Verbal N Back test measures short term memory / working
memory. Verbal working memory is impaired in specific learning
disability, especially for serial working memory. Compounded by
inattention, verbal memory is impaired in ADHD with SLD. There is
significant difference between the groups in all categories, except 1-Back
Hit. Similar to other studies, ADHD with SLD performed poorly
(78,88,89).
CONTINUOUS PERFORMANCE TEST
Continuous performance test measures the attention, impulsivity /
response inhibition and speed of processing. ADHD with SLD made
significant omission errors. There is no difference between the groups for
total time taken. Our finding is similar to previous studies done
before(42,70,90,91).
CORRELATION BETWEEN ADHD SEVERITY AND
NEUROPSYCHOLOGICAL PERFORMANCE
Deficits in working memory and inhibitory control arising from
dysfunction in the prefrontal cortex are stated in many
studies(67,78,88,92). Attention-deficit/hyperactivity disorder has been
associated with a prominent disturbance of executive functions. There is
no pathognomic neuropsychological profile for the disorder, however.
Nonetheless, results of neuropsychological testing, in concert with other
clinical information, provide a more comprehensive and detailed picture
of the individual patient's cognitive and emotional strengths and
weaknesses than a psychiatric diagnostic interview alone. This approach
to the evaluation of ADHD therefore can provide a strong objective basis
from which to make patient-specific recommendations for compensatory
strategies and treatment.
It should be noted, however, that although executive dysfunction in
the form of impaired response inhibition remains the most prominent
cognitive theory of ADHD, other theories have been put forth that also
deserve further investigation. These include a disturbance in delay
aversion (referring to intolerance for waiting) and impaired temporal
processing, among others.
The neural substrates of executive dysfunction in ADHD have
begun to be revealed by a growing body of structural and functional
neuroimaging research(11,83,93,94). Although still in its infancy,
neuroimaging of ADHD is pointing toward disruption of FSTC circuitry
and the cerebellum as being central to the cognitive and motor
abnormalities seen in the disorder. Further research using cognitive tasks
assessing executive functions in combination with functional imaging
techniques will provide further insight into the etiology of the disorder.
It is expected that advances in structural and functional
neuroimaging will yield valuable information that will facilitate the
differential diagnosis of ADHD. Evidence cited suggests that
psychostimulant medication can improve executive functions and their
underlying FSTC circuitry(5,32,35,95).
Furthermore, a recent study of adults with ADHD found significant
improvements in organization skills and other symptoms of ADHD
following cognitive remediation targeting several executive and
emotional aspects of the disorder(11). Additional studies investigating the
effects of treatment on executive dysfunction and brain integrity in
ADHD will be necessary to determine the degree to which the structural
and functional brain abnormalities observed are mutable.
Finally, because the myriad cognitive, behavioral and emotional
symptoms in ADHD likely reflect the interplay of multiple cognitive and
psychosocial factors, development of treatments for ADHD likely will
require a multi-modal approach.
Studies have mentioned the strong correlation between the severity
of disease with neurocognition by direct correlation and studies have
mentioned improvement in cognitive domains after reduction of
symptoms with treatment(32,42).
NEUROPSYCHOLOGICAL PERFORMANCE OF ADHD WITH
SLD
Children with both Attention-Deficit Hyperactivity Disorder
(ADHD) and SLD were found to have more difficulties with attention
span, processing speed and working memory(67,88,92). In our study,
though the correlation coefficient factor supports the above statement,
there is no significant statistical difference between ADHD with SLD and
ADHD without SLD.
NEUROLOGICAL SOFT SIGNS
NSS in young adults have been associated with a number of
neuropsychiatric and behavioral disorders, such as psychosis, obsessive-
compulsive disorder, and also in conditions of atypical development, like
autism and learning disability and ADHD(8).
NSS are known to be able to discriminate between abnormal and
normal group of children. Children with ADHD had significant overflow
movements and motor incoordination when compared to SLD alone.
Children with problems such as ADHD, SLD or academic under
achievement had soft neurological signs at varying severity and type.
ADHD children had more overflow movements. This reflects cortical
immaturity. Timed overflow, speed of movement and dysrhythmia are
significant factors in differentiating ADHD with SLD from ADHD
without SLD(96).
Our study shows significant difference between the groups in timed
overflow and dysrhythmia scores. The final component outcome scores of
PANESS scale also shows significant difference between the groups.
CORRELATION BETWEEN ADHD SEVERITY AND
NEUROLOGICAL SOFT SIGNS
Few studies have found correlation to be positive between ADHD
severity and soft neurological signs(96). Our study also finds it to be
positive, though not significant clinically. There is no significant
difference between the groups, when correlation factors are compared.
CONCLUSION
CONCLUSION
1. Inattention is significantly higher in ADHD with SLD than ADHD
without SLD as measured by neurocognitive assessment.
2. Timed Overflow and timed Dysrhythmia are significantly higher in
ADHD with SLD than ADHD without SLD
3. Soft neurological signs are significantly higher in ADHD with SLD
than ADHD without SLD.
4. SLD and ADHD sharing common neural substrates with more
brain dysfunction if SLD is a comorbidity in ADHD
5. Severe the ADHD score, poorer the cognitive performance.
6. Severe the ADHD score, more the soft neurological signs
7. Soft neurological signs and cognitive performance can predict the
severity of illness.
LIMITATIONS
1. Study Design
Inclusion of controls would have made the study more valid.
Instead of naturalistic cross sectional design, drug naïve children
and a prospective analysis with treatment would make the study
more reliable.
2. Sample Selection
ADHD with other comorbid disorders were included in the study,
which might have confounded the results.
Effect of medication would have confounded the results
3. The present study was limited with a relatively small sample size,
which precluded comparisons according to sex and age of children.
4. The normative data for the PANESS was not of Indian children and
could not be used for analysis.
FUTURE DIRECTIONS
Further research with large sample size and avoiding the said limitations
is needed to understand the implications of soft neurological signs and
cognitive performance of ADHD children in clinical setting.
Prospective study of severity of soft neurological signs in ADHD to
predict its influence on fine motor performance in future is needed.
BIBLIOGRAPHY
BIBLIOGRAPHY
1. Kaplan and Sadock’s. Attention Deficit Disorders. In: Sadock BJ, Sadock VA, editors.
Comprehensive Textbook of Psychiatry, 9th ed. Philadelphia: Wolters Kulwer; 2009.
p. 3560-1.
2. JR R. Cognitive Behaviuor Therapy For Adult ADHD. Routlege; 2007.
3. American Academy of Child & Adolescent Psychiatry. 2009 p. ADHD – A guide for
families.
4. APA. Diagnostic American and Statistical Manual of Mental Disorders. 4TH ED.
(APA). APA, editor. 1994.
5. Barkley RA, Cunningham CE. The effects of methylphenidate on the mother-child
interactions of hyperactive children. Arch Gen Psychiatry. 1979 Feb;36(2):201–8.
6. Krain AL, Castellanos FX. Brain development and ADHD. Clin Psychol Rev
[Internet]. 2006 Aug [cited 2014 Mar 21];26(4):433–44. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16480802
7. Tseng MH, Henderson A, Chow SMK, Yao G. Relationship between motor
proficiency, attention, impulse, and activity in children with ADHD. Dev Med Child
Neurol [Internet]. 2004 Jun [cited 2014 Oct 5];46(6):381–8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15174529
8. Martins I, Lauterbach M, Slade P, Luís H, DeRouen T, Martin M, et al. A longitudinal
study of neurological soft signs from late childhood into early adulthood. Dev Med
Child Neurol [Internet]. 2008 Aug [cited 2014 Oct 7];50(8):602–7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18754898
9. Mandelbaum DE, Stevens M, Rosenberg E, Wiznitzer M, Steinschneider M, Filipek P,
et al. Sensorimotor performance in school-age children with autism, developmental
language disorder, or low IQ. Dev Med Child Neurol [Internet]. 2006 Jan [cited 2014
Mar 24];48(1):33–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16359592
10. Tarver J, Daley D, Sayal K. Attention-deficit hyperactivity disorder (ADHD): an
updated review of the essential facts. Child Care Health Dev [Internet]. 2014 Apr 14
[cited 2014 Oct 7]; Available from: http://www.ncbi.nlm.nih.gov/pubmed/24725022
11. Roth RM, Saykin AJ. Executive dysfunction in attention-deficit/hyperactivity
disorder: cognitive and neuroimaging findings. Psychiatr Clin North Am [Internet].
2004 Mar [cited 2014 Oct 7];27(1):83–96, ix. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15062632
12. Barkley RA. Behavioral inhibition, sustained attention, and executive functions:
constructing a unifying theory of ADHD. Psychol Bull [Internet]. 1997 Jan [cited 2014
Sep 10];121(1):65–94. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9000892
13. Doyle AE. Executive functions in attention-deficit/hyperactivity disorder. J Clin
Psychiatry [Internet]. 2006 Jan [cited 2014 Oct 7];67 Suppl 8:21–6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16961426
14. Pastor PN, Reuben CA. Diagnosed attention deficit hyperactivity disorder and learning
disability: United States, 2004-2006. Vital Health Stat 10 [Internet]. 2008 Jul 1 [cited
2014 Oct 5];(237):1–14. Available from:
http://europepmc.org/abstract/MED/18998276
15. Association AP. DSM 5. 2013.
16. Sir Michael Rutter, Dorothy Bishop, Daniel Pine, Stephen Scott, Jim S. Stevenson,
Eric A. Taylor AT. Rutter’s Child and Adolescent Psychiatry. Wiley-Blackwell; 2010.
17. Rutter M, Tizard J WK. Education, Health and Behavior. London: Longman; 1970.
18. Al. WM et. Comparison of diagnostic criteria for attention-deficit hyperactivity
disorder in a county-wide sample. J Am Acad Child Adolesc Psychiatry.
1996;(35):319–24.
19. Applegate B, Lahey BB, Hart EL, Biederman J, Hynd GW, Barkley RA, et al. Validity
of the age-of-onset criterion for ADHD: a report from the DSM-IV field trials. J Am
Acad Child Adolesc Psychiatry [Internet]. 1997 Sep [cited 2014 Oct 7];36(9):1211–
21. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9291722
20. Polanczyk G, Caspi A, Houts R, Kollins SH, Rohde LA, Moffitt TE. Implications of
extending the ADHD age-of-onset criterion to age 12: results from a prospectively
studied birth cohort. J Am Acad Child Adolesc Psychiatry [Internet]. 2010 Mar [cited
2014 Oct 7];49(3):210–6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20410710
21. Millichap JG. Etiologic Classification of Attention Deficit Hyperacticity Disorder.
Paediatrics, AAP. 2008. p. 1332.
22. Linnet KM, Dalsgaard S, Obel C, Wisborg K, Henriksen TB, Rodriguez A, et al.
Maternal lifestyle factors in pregnancy risk of attention deficit hyperactivity disorder
and associated behaviors: review of the current evidence. Am J Psychiatry [Internet].
2003 Jun [cited 2014 Oct 5];160(6):1028–40. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12777257
23. Braun JM, Kahn RS, Froehlich T, Auinger P, Lanphear BP. Exposures to
environmental toxicants and attention deficit hyperactivity disorder in U.S. children.
Environ Health Perspect [Internet]. 2006 Dec [cited 2014 Oct 5];114(12):1904–9.
Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1764142&tool=pmcentrez
&rendertype=abstract
24. Arpino C, Marzio M, D’Argenzio L, Longo B, Curatolo P. Exanthematic diseases
during pregnancy and attention-deficit/hyperactivity disorder (ADHD). Eur J Paediatr
Neurol [Internet]. 2005 Jan [cited 2014 Oct 5];9(5):363–5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16061411
25. Lou HC. Etiology and pathogenesis of attention-deficit hyperactivity disorder
(ADHD): significance of prematurity and perinatal hypoxic-haemodynamic
encephalopathy. Acta Paediatr [Internet]. 1996 Nov [cited 2014 Oct 5];85(11):1266–
71. Available from: http://www.ncbi.nlm.nih.gov/pubmed/8955450
26. Bjørgaas M, Gimse R, Vik T, Sand T. Cognitive function in type 1 diabetic children
with and without episodes of severe hypoglycaemia. Acta Paediatr [Internet]. 1997
Feb [cited 2014 Oct 5];86(2):148–53. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/9055883
27. Egger J, Stolla A, McEwen LM. Controlled trial of hyposensitisation in children with
food-induced hyperkinetic syndrome. Lancet [Internet]. 1992 May 9 [cited 2014 Oct
5];339(8802):1150–3. Available from: http://www.ncbi.nlm.nih.gov/pubmed/1349376
28. Stein MA, Weiss RE. Thyroid function tests and neurocognitive functioning in
children referred for attention deficit/hyperactivity disorder.
Psychoneuroendocrinology [Internet]. 2003 Apr [cited 2014 Oct 5];28(3):304–16.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/12573298
29. Segal MM, Rogers GF, Needleman HL, Chapman CA. Hypokalemic sensory
overstimulation. J Child Neurol [Internet]. 2007 Dec [cited 2014 Oct 7];22(12):1408–
10. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18174562
30. Biederman J, Faraone S V, Keenan K, Knee D, Tsuang MT. Family-genetic and
psychosocial risk factors in DSM-III attention deficit disorder. J Am Acad Child
Adolesc Psychiatry [Internet]. 1990 Jul [cited 2014 Oct 5];29(4):526–33. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/2387786
31. Cunill R, Castells X. [Attention deficit hyperactivity disorder.]. Med Clin (Barc)
[Internet]. 2014 Apr 28 [cited 2014 Jul 24]; Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24787685
32. Tripp G, Wickens JR. Neurobiology of ADHD. Neuropharmacology [Internet]. 2009
Dec [cited 2014 Jul 9];57(7-8):579–89. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19627998
33. Bastain TM, Lewczyk CM, Sharp WS, James RS, Long RT, Eagen PB, et al.
Cytogenetic abnormalities in attention-deficit/hyperactivity disorder. J Am Acad Child
Adolesc Psychiatry [Internet]. 2002 Jul [cited 2014 Oct 5];41(7):806–10. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/12108805
34. Roman T, Rohde LA, Hutz MH. Polymorphisms of the dopamine transporter gene:
influence on response to methylphenidate in attention deficit-hyperactivity disorder.
Am J Pharmacogenomics [Internet]. 2004 Jan [cited 2014 Oct 7];4(2):83–92.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15059031
35. De Azeredo LA, Rovaris DL, Mota NR, Polina ER, Marques FZ, Contini V, et al.
Further evidence for the association between a polymorphism in the promoter region
of SLC6A3/DAT1 and ADHD: findings from a sample of adults. Eur Arch Psychiatry
Clin Neurosci [Internet]. 2014 Aug [cited 2014 Sep 30];264(5):401–8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24487615
36. Levy F, Hay D, McLaughlin M, Wood C, Waldman I. Twin sibling differences in
parental reports of ADHD, speech, reading and behaviour problems. J Child Psychol
Psychiatry [Internet]. 1996 Jul [cited 2014 Oct 5];37(5):569–78. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/8807437
37. Stevenson J, Langley K, Pay H, Payton A, Worthington J, Ollier W, et al. Attention
deficit hyperactivity disorder with reading disabilities: preliminary genetic findings on
the involvement of the ADRA2A gene. J Child Psychol Psychiatry [Internet]. 2005
Oct [cited 2014 Oct 7];46(10):1081–8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16178932
38. Kasparek T, Theiner P, Filova A. Neurobiology of ADHD From Childhood to
Adulthood: Findings of Imaging Methods. J Atten Disord [Internet]. 2013 Oct 4 [cited
2014 Oct 7]; Available from: http://www.ncbi.nlm.nih.gov/pubmed/24097847
39. Purper-Ouakil D, Ramoz N, Lepagnol-Bestel A-M, Gorwood P, Simonneau M.
Neurobiology of attention deficit/hyperactivity disorder. Pediatr Res [Internet].
International Pediatrics Research Foundation, Inc.; 2011 May [cited 2014 Oct 5];69(5
Pt 2):69R–76R. Available from: http://dx.doi.org/10.1203/PDR.0b013e318212b40f
40. Dickstein DP, Garvey M, Pradella AG, Greenstein DK, Sharp WS, Castellanos FX, et
al. Neurologic examination abnormalities in children with bipolar disorder or
attention-deficit/hyperactivity disorder. Biol Psychiatry [Internet]. 2005 Oct 1 [cited
2014 Mar 24];58(7):517–24. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16239160
41. Emond V, Joyal C, Poissant H. [Structural and functional neuroanatomy of attention-
deficit hyperactivity disorder (ADHD)]. Encephale [Internet]. 2009 Apr [cited 2014
Oct 7];35(2):107–14. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19393378
42. Meftagh SD, Najimi A, Mohammadi N, Ghanizadeh A, Rahimi C, Amini MM. The
most effective intervention for attention deficit-hyperactivity disorder: using
continuous performance test. Psychiatr Danub [Internet]. 2014 Jun [cited 2014 Oct
4];26(2):165–71. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24909254
43. Berquin PC, Giedd JN, Jacobsen LK, Hamburger SD, Krain AL, Rapoport JL, et al.
Cerebellum in attention-deficit hyperactivity disorder: A morphometric MRI study.
Neurology [Internet]. 1998 Apr 1 [cited 2014 Oct 5];50(4):1087–93. Available from:
http://www.neurology.org/content/50/4/1087
44. Jensen PS, Hinshaw SP, Kraemer HC, Lenora N, Newcorn JH, Abikoff HB, et al.
ADHD comorbidity findings from the MTA study: comparing comorbid subgroups. J
Am Acad Child Adolesc Psychiatry [Internet]. 2001 Feb [cited 2014 Oct
7];40(2):147–58. Available from: http://www.ncbi.nlm.nih.gov/pubmed/11211363
45. Millichap JG. Hyperkinetic Behavior and Learning Disorders. Am J Dis Child
[Internet]. American Medical Association; 1968 Sep 1 [cited 2014 Oct 5];116(3):235.
Available from: http://archpedi.jamanetwork.com/article.aspx?articleid=502771
46. Huttenlocher PR, Levine SC, Huttenlocher J, Gates J. Discrimination of normal and
at-risk preschool children on the basis of neurological tests. Dev Med Child Neurol
[Internet]. 1990 May [cited 2014 Oct 5];32(5):394–402. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2354753
47. Schonfeld IS, Shaffer D, Barmack JE. Neurological soft signs and school
achievement: the mediating effects of sustained attention. J Abnorm Child Psychol
[Internet]. 1989 Dec [cited 2014 Oct 7];17(6):575–96. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2607051
48. Landgren M, Kjellman B, Gillberg C. Deficits in attention, motor control and
perception (DAMP): a simplified school entry examination. Acta Paediatr [Internet].
2000 Mar 2 [cited 2014 Oct 5];89(3):302–9. Available from:
http://doi.wiley.com/10.1111/j.1651-2227.2000.tb01332.x
49. Patankar VC, Sangle JP, Shah HR, Dave M, Kamath RM. Neurological soft signs in
children with attention deficit hyperactivity disorder. Indian J Psychiatry. 2012
Apr;54(2):159–65.
50. Karande S, Satam N, Kulkarni M, Sholapurwala R, Chitre A, Shah N. Clinical and
psychoeducational profile of children with specific learning disability and co-
occurring attention-deficit hyperactivity disorder. Indian J Med Sci [Internet]. 2007
Dec [cited 2014 Oct 7];61(12):639–47. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18174633
51. Galaburda AM, Cestnick L. [Developmental dyslexia]. Rev Neurol [Internet]. 2003
Feb [cited 2014 Oct 7];36 Suppl 1:S3–9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/12599096
52. Mayes SD, Calhoun SL, Crowell EW. Learning Disabilities and ADHD: Overlapping
Spectrum Disorders. J Learn Disabil [Internet]. 2000 Sep 1 [cited 2014 Oct
5];33(5):417–24. Available from: http://ldx.sagepub.com/content/33/5/417.short
53. Klassen AF, Miller A, Fine S. Health-related quality of life in children and adolescents
who have a diagnosis of attention-deficit/hyperactivity disorder. Pediatrics [Internet].
2004 Nov [cited 2014 Aug 13];114(5):e541–7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15520087
54. Shalev RS, Gross-Tsur V. Developmental Dyscalculia and Medical Assessment. J
Learn Disabil [Internet]. 1993 Feb 1 [cited 2014 Oct 7];26(2):134–7. Available from:
http://ldx.sagepub.com/content/26/2/134.short
55. Del’Homme M, Kim TS, Loo SK, Yang MH, Smalley SL. Familial association and
frequency of learning disabilities in ADHD sibling pair families. J Abnorm Child
Psychol [Internet]. 2007 Feb [cited 2014 Sep 23];35(1):55–62. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17165143
56. Shaywitz SE, Shaywitz BA. Paying attention to reading: the neurobiology of reading
and dyslexia. Dev Psychopathol [Internet]. 2008 Jan [cited 2014 Jul 9];20(4):1329–49.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/18838044
57. Humphreys P, Kaufmann WE, Galaburda AM. Developmental dyslexia in women:
neuropathological findings in three patients. Ann Neurol [Internet]. 1990 Dec [cited
2014 Oct 7];28(6):727–38. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2285260
58. Tønnessen FE, Løkken A, Høien T, Lundberg I. Dyslexia, left-handedness, and
immune disorders. Arch Neurol [Internet]. 1993 Apr [cited 2014 Oct 7];50(4):411–6.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/8460963
59. Schultz RT, Cho NK, Staib LH, Kier LE, Fletcher JM, Shaywitz SE, et al. Brain
morphology in normal and dyslexic children: the influence of sex and age. Ann Neurol
[Internet]. 1994 Jun [cited 2014 Oct 7];35(6):732–42. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/8210231
60. Hynd GW, Semrud-Clikeman M. Dyslexia and brain morphology. Psychol Bull
[Internet]. 1989 Nov [cited 2014 Oct 7];106(3):447–82. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2682720
61. Anderson SW, Damasio AR, Damasio H. Troubled letters but not numbers. Domain
specific cognitive impairments following focal damage in frontal cortex. Brain
[Internet]. 1990 Jun [cited 2014 Oct 5];113 ( Pt 3:749–66. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2364267
62. Felton RH, Naylor CE, Wood FB. Neuropsychological profile of adult dyslexics.
Brain Lang [Internet]. 1990 Nov [cited 2014 Oct 7];39(4):485–97. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/2076492
63. Romani C, Tsouknida E, Olson A. Encoding order and developmental dyslexia: A
family of skills predicting different orthographic components. Q J Exp Psychol (Hove)
[Internet]. 2014 Sep 23 [cited 2014 Oct 7];1–30. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25246235
64. Olson RK, Hulslander J, Christopher M, Keenan JM, Wadsworth SJ, Willcutt EG, et
al. Genetic and environmental influences on writing and their relations to language and
reading. Ann Dyslexia [Internet]. 2013 Apr [cited 2014 Oct 7];63(1):25–43. Available
from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3218215&tool=pmcentrez
&rendertype=abstract
65. Romani C, Di Betta AM, Tsouknida E, Olson A. Lexical and nonlexical processing in
developmental dyslexia: a case for different resources and different impairments. Cogn
Neuropsychol [Internet]. 2008 Sep [cited 2014 Oct 7];25(6):798–830. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18781498
66. Helland T, Asbjørnsen A. Executive functions in dyslexia. Child Neuropsychol
[Internet]. Routledge; 2000 Mar [cited 2014 Oct 7];6(1):37–48. Available from:
http://www.tandfonline.com/doi/abs/10.1076/0929-7049(200003)6:1;1-B;FT037
67. Beneventi H, Tønnessen FE, Ersland L, Hugdahl K. Executive working memory
processes in dyslexia: behavioral and fMRI evidence. Scand J Psychol [Internet]. 2010
Jun 1 [cited 2014 Oct 7];51(3):192–202. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20338015
68. Welsh M, Peterson E. Issues in the conceptualization and assessment of hot executive
functions in childhood. J Int Neuropsychol Soc [Internet]. 2014 Feb [cited 2014 Oct
6];20(2):152–6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24468077
69. Miranda MC, Barbosa T, Muszkat M, Rodrigues CC, Sinnes EG, Coelho LFS, et al.
Performance patterns in Conners’ CPT among children with attention deficit
hyperactivity disorder and dyslexia. Arq Neuropsiquiatr [Internet]. 2012 Feb [cited
2014 Oct 4];70(2):91–6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22311211
70. Teicher MH, Ito Y, Glod CA, Barber NI. Objective measurement of hyperactivity and
attentional problems in ADHD. J Am Acad Child Adolesc Psychiatry [Internet].
Elsevier; 1996 Mar 1 [cited 2014 Sep 23];35(3):334–42. Available from:
http://www.jaacap.com/article/S0890-8567(09)63464-X/abstract
71. Takács Á, Kóbor A, Tárnok Z, Csépe V. Verbal fluency in children with ADHD:
strategy using and temporal properties. Child Neuropsychol [Internet]. 2014 Jan [cited
2014 Sep 20];20(4):415–29. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23731209
72. Dvorsky MR, Langberg JM. Predicting Impairment in College Students With ADHD:
The Role of Executive Functions. J Atten Disord. 2014 Sep 17;
73. Rommelse NNJ, Altink ME, Arias-Vásquez A, Buschgens CJM, Fliers E, Faraone S
V, et al. A review and analysis of the relationship between neuropsychological
measures and DAT1 in ADHD. Am J Med Genet B Neuropsychiatr Genet [Internet].
2008 Dec 5 [cited 2014 Oct 2];147B(8):1536–46. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18729135
74. Guimarães-da-Silva PO, Silva KL, Grevet EH, Salgado CAI, Karam RG, Victor MM,
et al. Does age of onset of impairment impact on neuropsychological and personality
features of adult ADHD? J Psychiatr Res [Internet]. 2012 Oct [cited 2014 Oct
7];46(10):1307–11. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22817999
75. Aman CJ, Roberts RJ, Pennington BF. A neuropsychological examination of the
underlying deficit in attention deficit hyperactivity disorder: frontal lobe versus right
parietal lobe theories. Dev Psychol [Internet]. 1998 Sep [cited 2014 Oct 7];34(5):956–
69. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9779742
76. Chelune GJ, Ferguson W, Koon R, Dickey TO. Frontal lobe disinhibition in attention
deficit disorder. Child Psychiatry Hum Dev [Internet]. 1986 [cited 2014 Oct
5];16(4):221–34. Available from: http://link.springer.com/10.1007/BF00706479
77. Pennington BF, Ozonoff S. Executive functions and developmental psychopathology.
J Child Psychol Psychiatry [Internet]. 1996 Jan [cited 2014 Oct 7];37(1):51–87.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/8655658
78. Katz LJ, Brown FC, Roth RM, Beers SR. Processing speed and working memory
performance in those with both ADHD and a reading disorder compared with those
with ADHD alone. Arch Clin Neuropsychol [Internet]. 2011 Aug [cited 2014 Sep
22];26(5):425–33. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21613301
79. Gustafsson P, Svedin CG, Ericsson I, Lindén C, Karlsson MK, Thernlund G.
Reliability and validity of the assessment of neurological soft-signs in children with
and without attention-deficit-hyperactivity disorder. Dev Med Child Neurol [Internet].
2010 Apr [cited 2014 Oct 7];52(4):364–70. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19694777
80. Uslu R, Kapçi EG, Oztop D. Neurological soft signs in comorbid learning and
attention deficit hyperactivity disorders. Turk J Pediatr. 49(3):263–9.
81. Bálint S, Czobor P, Komlósi S, Mészáros A, Simon V, Bitter I. Attention deficit
hyperactivity disorder (ADHD): gender- and age-related differences in neurocognition.
Psychol Med [Internet]. 2009 Aug [cited 2014 Jul 20];39(8):1337–45. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18713489
82. St Sauver JL, Barbaresi WJ, Katusic SK, Colligan RC, Weaver AL, Jacobsen SJ. Early
life risk factors for attention-deficit/hyperactivity disorder: a population-based cohort
study. Mayo Clin Proc [Internet]. 2004 Sep [cited 2014 Oct 5];79(9):1124–31.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/15357033
83. Cortese S. The neurobiology and genetics of Attention-Deficit/Hyperactivity Disorder
(ADHD): what every clinician should know. Eur J Paediatr Neurol [Internet]. 2012
Sep [cited 2014 Oct 5];16(5):422–33. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22306277
84. Martin J, Hamshere ML, Stergiakouli E, O’Donovan MC, Thapar A. Neurocognitive
abilities in the general population and composite genetic risk scores for attention-
deficit hyperactivity disorder. J Child Psychol Psychiatry [Internet]. 2014 Oct 3 [cited
2014 Oct 6]; Available from: http://www.ncbi.nlm.nih.gov/pubmed/25280069
85. Chan RCK, McAlonan GM, Yang B, Lin L, Shum D, Manschreck TC. Prevalence of
neurological soft signs and their neuropsychological correlates in typically developing
Chinese children and Chinese children with ADHD. Dev Neuropsychol [Internet].
2010 Jan [cited 2014 Aug 15];35(6):698–711. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21038161
86. Oades RD, Christiansen H. Cognitive switching processes in young people with
attention-deficit/hyperactivity disorder. Arch Clin Neuropsychol [Internet]. 2008 Jan
[cited 2014 Oct 4];23(1):21–32. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2215325&tool=pmcentrez
&rendertype=abstract
87. Engelhardt PE, Veld SN, Nigg JT, Ferreira F. Are language production problems
apparent in adults who no longer meet diagnostic criteria for attention-
deficit/hyperactivity disorder? Cogn Neuropsychol [Internet]. 2012 Jan [cited 2014
Oct 9];29(3):275–99. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3478888&tool=pmcentrez
&rendertype=abstract
88. Alderson RM, Kasper LJ, Hudec KL, Patros CHG. Attention-deficit/hyperactivity
disorder (ADHD) and working memory in adults: a meta-analytic review.
Neuropsychology [Internet]. 2013 May [cited 2014 Sep 1];27(3):287–302. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/23688211
89. De Jong CGW, Van De Voorde S, Roeyers H, Raymaekers R, Oosterlaan J, Sergeant
JA. How distinctive are ADHD and RD? Results of a double dissociation study. J
Abnorm Child Psychol [Internet]. 2009 Oct [cited 2014 Oct 7];37(7):1007–17.
Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2734255&tool=pmcentrez
&rendertype=abstract
90. Arnold LE, Bozzolo H, Hollway J, Cook A, DiSilvestro RA, Bozzolo DR, et al. Serum
zinc correlates with parent- and teacher- rated inattention in children with attention-
deficit/hyperactivity disorder. J Child Adolesc Psychopharmacol [Internet]. 2005 Aug
[cited 2014 Oct 5];15(4):628–36. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16190794
91. Malloy-Diniz L, Fuentes D, Leite WB, Correa H, Bechara A. Impulsive behavior in
adults with attention deficit/ hyperactivity disorder: characterization of attentional,
motor and cognitive impulsiveness. J Int Neuropsychol Soc [Internet]. 2007 Jul [cited
2014 Oct 7];13(4):693–8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17521490
92. Beneventi H, Tønnessen FE, Ersland L, Hugdahl K. Working memory deficit in
dyslexia: behavioral and FMRI evidence. Int J Neurosci [Internet]. 2010 Jan [cited
2014 Oct 7];120(1):51–9. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20128672
93. Cole WR, Mostofsky SH, Larson JCG, Denckla MB, Mahone EM. Age-related
changes in motor subtle signs among girls and boys with ADHD. Neurology
[Internet]. 2008 Nov 4 [cited 2014 Sep 4];71(19):1514–20. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2597066&tool=pmcentrez
&rendertype=abstract
94. Konrad K, Eickhoff SB. Is the ADHD brain wired differently? A review on structural
and functional connectivity in attention deficit hyperactivity disorder. Hum Brain
Mapp [Internet]. 2010 Jun [cited 2014 Jul 17];31(6):904–16. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20496381
95. Pasini A, D’agati E. Pathophysiology of NSS in ADHD. World J Biol Psychiatry
[Internet]. 2009 Jan [cited 2014 Oct 7];10(4 Pt 2):495–502. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19337883
96. Patankar VC, Sangle JP, Shah HR, Dave M, Kamath RM. Neurological soft signs in
children with attention deficit hyperactivity disorder. Indian J Psychiatry [Internet].
2012 Apr [cited 2014 Oct 7];54(2):159–65. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3440911&tool=pmcentrez
&rendertype=abstract
ANNEXURES
Proforma for Sociodemographic Details
Sociodemographic Data
Name
Age
Sex
Father Age
Mothers Age
Socioeconomic Status
Child`s Education
Religion
Mother Tongue
Birth order of the child
Risk Factors
Maternal Smoking
Lead Exposure
Maternal Anaemia
Alcohol/Illicit drug
abuse
Labour Problem
Nature of Delivery
Delivery Complications
Prematurity
Birth Weight
Milestones






Information to Parent/Guardian
Title: “Neurocognition and neurological soft signs in children with attention deficit
hyperactivity disorder”
Principal Investigator: Dr.J.KOMAL
Third Year, MD Psychiatry Post Graduate,
Madras Medical College
Co-Investigator(if any):
Name of Participant:
Site :  Institute of Child Health, Dept of Child Psychiatry, MMC, Chennai
You are invited to take part in this research. The information in this document is meant to help you
decide whether or not to take part. Please feel free to ask if you have any queries or concerns.
PURPOSE OF STUDY:
ADHD is the most common childhood behavioural disorder in children (5.2% of school-age
population globally). It is a neurodevelopment disorder with frontal lobe dysfunction, cerebellum
has also been implicated. Neurological Soft Signs are non-normative performance on a
neurological examination of motor and sensory functioning in the absence of a focal lesion. They
are indicators of delayed development of motor inhibition.NSS have been associated with a
number of disorders, such as psychosis, OCD, and also in conditions of atypical development,
like autism and learning disability.
Cognitive study in young children of ADHD is relevant for several reasons. First, cognitive tests
may contribute to the accuracy of the early identification of children at risk of ADHD and provide
information about what difficulties exist. Second, this research yields information about the
cognitive mechanisms that underlie the symptoms of ADHD.
Thus, the study was planned with the aim of studying neurocognition, neurological soft signs in
children with ADHD and the correlation of neurocognition, neurological soft signs to type and
severity of ADHD and with the co-morbidity of specific learning disability.
The study design
Your child will be interviewed at ICH, Department of Child Psychiatry OPD.
Study Procedures
The study involves evaluation  of neurocognition, neurological soft signs in children with ADHD
and study the correlation of neurocognition, neurological soft signs to type and severity of ADHD
and with the co-morbidity of specific learning disability for which we will be interviewing you
and your child with various questionnaires. You will be required to spare roughly an hour for a
one-time interview during your visit to opd in the hospital.
Possible benefits to you –
Your child is assessed for type and severity of ADHD, neurological soft signs and neurocognition
that will help in treatment and management.
Possible benefits to other people
The results of the research may provide benefits to the society in terms of advancement of
medical knowledge and/or therapeutic benefit to future patients.
Confidentiality of the information obtained from you
You have the right to confidentiality regarding the privacy of your medical information (personal
details, results of physical examinations, investigations, and your medical history). By signing
this document, you will be allowing the research team investigators, other study personnel and the
Institutional Ethics Committee, to view your data, if required. The information from this study, if
published in scientific journals or presented at scientific meetings, will not reveal your identity.
How will your decision to not participate in the study affect you?
Your decision not to participate in this research study will not affect your medical care or your
relationship with the investigator or the institution. You will be taken care of and you will not
lose any benefits to which you are entitled.
Can you decide to stop participating in the study once you start?
The participation in this research is purely voluntary and you have the right to withdraw from this
study at any time during the course of the study without giving any reasons. However, it is
advisable that you talk to the research team prior to stopping the treatment/discontinuing of
procedures etc.
Signature of Investigator                                                                      Signature of Participant
(parent)
Date Date
: அதிக
.
: . ெஜ
:
: நல ,
அதிக
.
.
ேபாேதா ெபயைரேயா
.
.
.
.
:____________ :_______
:_______
Informed consent form
Title of the study – “Neurocognition and neurological soft signs in children with attention
deficit hyperactivity disorder”
Name of the participant: ____________________________________________
Name of the Principal/Co-Investigator: DR. J.KOMAL
Name of the Institution: Institute of Child Health, Dept of Child Psychiatry, MMC
Name and address of the sponsor / agency (ies), if any: _____________________
I,___________________(parent/guardian of participant), have read the information in this form
(or it has been read to me). I was free to ask any questions and they have been answered. I am
over 18 years of age and, exercising my free power of choice, hereby give my consent that my
child/ward be included as a participant in the study about the – Neurocognition and neurological
soft signs in children with attention  deficit hyperactivity disorder.
(1) I have read and understood this consent form and the information provided to me.
(2) I have had the consent document explained to me.
(3) I have been explained about the nature of the study.
(4)  I have been explained about my rights and responsibilities by the investigator.
(5) I have informed the investigator of all the treatments I am taking or have taken in the past,
including any native (alternative) treatments.
(6) I am aware of the fact that I can opt out of the study at any time without having to give any
reason and this will not affect my future treatment in the hospital.
(7) I hereby give permission to the investigators to release the information obtained from me and
my child as result of participation in this study to the regulatory authorities, Government
agencies, and ethics committee. I understand that they may inspect my original records.
(8) I understand that my identity will be kept confidential if my data are publicly presented.
(9) I have had my questions answered to my satisfaction.
(10) I consent voluntarily to participate as a participant in the research study.
I am aware, that if I have any questions during this study, I should contact the investigators. By
signing this consent from, I attest that the information given in this document has been clearly
explained to me and understood by me. I will be given a copy of this consent document.
Name and signature / thumb impression of the parent/guardian
(Name of parent) __________________________(Signature)___________________ Date:
__________
Name and signature of impartial witness (required for illiterate patients):
(Name) ________________________________ (Signature) _____________________ Date
__________
Address and contact number of the impartial witness: _________________________________
Name and signature of the Investigator or his representative obtaining consent:
(Name) ________________________________ (Signature) ___________________ (Date)
__________
- அதிக
:
: . ெஜ
: நல ைண,
________________________
. 18 வயைத
.
.
.
, .
.
.
.
டபட
.
.
:_____________&__________ :____________
:________&______________ :____________
:_______ &______ :____________


